The influence on veal meat quality of replacing barley grain or dry maize (50% by weight) in feed mixtures for calves with ensiled high-moisture maize grain was investigated. Sixteen veal calves were assigned to 4 equal groups. No differences were found among the groups in the nutrient content of Musculus longissimus thoracis. The intramuscular fat of calves from groups fed ensiled maize grain was characterized by lower saturated fatty acids (SFA) and higher unsaturated fatty acid (UFA) contents compared with calves from groups receiving barley or dry maize grain (B, MD), but the differences were not significant (P=0.12). Calves fed with maize grain (dry or ensiled) had a lower monounsaturated (MUFA) to SFA ratio (0.68 vs 0.83 ± 0.01; P=0.03). Evaluation of the physicochemical properties of muscle meat showed that the analysed starch sources had no effect (P>0.05) on cooking loss and on pH measured 24 h and 7 days post-mortem. There were no differences between the groups in the other physicochemical characteristics of meat, i.e. tenderness and colour.
INTRODUCTION
Different starch sources digested in different parts of the digestive tract can affect meat quality in veal calves. Barley, oats and wheat are almost completely digested in the rumen, while ruminal degradation of dry maize grain is slower, with much more starch passing into the small intestine (Huntington, 1997) . Compared with dry grain, high-moisture maize grain subjected to ensiling is more rapidly fermented in the rumen to volatile fatty acids (VFA), with smaller amounts of this grain reaching the small intestine. In the intestine, high-moisture maize grain is better digested than dry grain, and less undigested starch passes into the large intestine; this may be associated with lower faecal starch losses (Archibeque et al., 2006) . According to Knowlton et al. (2000) , the energy value of ensiled maize grain (70% DM) is about 15% greater than that of dry grain (>85% DM). In cattle, most of the unsaturated fatty acids released during lipolysis are biohydrogenated, as a result of which beef has a lower proportion of unsaturated acids compared with poultry or pig meat (Hocquette and Bauchart, 1999) . Feeding high amounts of concentrate feeds decreases rumen content pH and thus reduces lipolysis and biohydrogenation (Doreau and Ferlay, 1994) .
The aim of the study was to determine the effect of replacing barley grain or dry maize (50% by weight) in feed mixtures for calves with ensiled high-moisture maize grain on veal meat quality, i.e. on: chemical composition, physicochemical and sensory properties, and the fatty acid profile of intramuscular fat.
MATERIAL AND METHODS

Animals and feeding
The experiment was carried out with 16 Polish Holstein-Friesian bull calves aged between 10±3 and 90 days, which were assigned based on the analogue principle to 4 equal groups. Calves were given colostrum and whole milk before the experiment, and milk replacer from the beginning of the experiment to 56 days of age. Grains in the mixtures were given in rolled form. The main sources of dietary starch were barley in the control group (B), dry maize grain in group MD, 50% barley and 50% ensiled maize grain in group BMS, and 50% dry maize grain and 50% ensiled maize grain in group MDMS (Table 1 ). In addition, each mixture contained similar amounts of oats, soyabean meal (SBM), and mineral components. Mixtures with ensiled maize grain (groups BMS and MDMS) were prepared directly before feeding by mixing ensiled maize grain and a supplementary mixture (prepared separately in a feed mixing plant) containing dry grain, SBM and minerals (1:2.5). At the end of the experiment the bulls were slaughtered after 24-h feed withdrawal.
Samples of meat from Musculus longissimus thoracis (MT) were taken from the right side of the carcass 24 h after slaughter. 
Chemical analyses of feeds and biological material
The nutrient content of feed, feed refusals, and meat samples were determined according to AOAC (1997) . Fatty acids were determined after centrifugation of water filtrates with metaphosphoric acid (5:1) using a VARIAN 3400 chromatograph (column CP-Wax 58, 25 m × 0.53 mm, injection volume 1.0 μl; temperature programme 90-200ºC; injector temperature 200ºC; detector temperature 260ºC; helium as the carrier gas) using an 8200 CX autosampler and a computer data processing system. Physicochemical and organoleptic analysis of meat was performed according to Skrzyński et al. (2001) . pH was measured using a pH-Star CPU device (Matthäus) 24 h and 7 days after slaughter. Meat colour was determined in the CIE L*a*b system (Boccard et al., 1981 ) using a Minolta CR 310 chroma meter 24 and 48 h after slaughter. After 48 h storage thermal loss and tenderness of meat were measured. Meat samples were sliced into 1.5 cm thick steaks and cooked in an electric cooker at 165ºC to an internal temperature of 70ºC. Sensory evaluation of meat (i.e., aroma, palatability, juiciness, and tenderness) was performed according to a 5-point scale (Baryłko-Pikielna, 1975) .
Statistical analysis
Results were analysed using Enterprise Guide SAS 4.1 (2002) one-way analysis SOSIN-BZDUCHA E.M. ET AL.
of variance (ANOVA procedure) and Duncan's multi-range test with differences considered significant at P≤0.05.
RESULTS
The results for body weight, feed intake and volatile fatty acids (VFA) as well as rumen development parameters were published in Sosin-Bzducha et al. (2010) .
Chemical composition of feeds
The diets contained similar levels of protein and energy and contained (per kg DM) an average of: 187±3 g crude protein, 109±4.0 g PDI, 1.07±0.03 UFL. Diets for groups MD and MDMS with dry maize grain contained more starch than diets for the other groups, especially that for group B with barley as the source of starch (Table 1) .
Concentrate mixtures for calves with maize in dry or ensiled form (groups M D , BM S , M D M S ) contained more oleic acid (C18:1) and had a higher MUFA/SFA ratio compared to the control mixture with barley (B) ( Table 2) . Chemical composition of meat No differences were found between the groups in the nutrient content of Musculus longissimus thoracis (MT), although in group MD the level of intramuscular fat was higher in comparison with the other groups (P>0.05; Table 3 ).
The starch source in concentrate mixtures for calves had an effect on the fatty acid profile of veal meat fat (Table 4 ). The fat of calves from groups fed ensiled maize grain had lower SFA and higher UFA contents compared with calves from Table 1 groups receiving barley or dry maize grain (B, MD), but the differences were not significant (P=0.12). Fat in meat from calves fed with maize grain (dry or ensiled) had a lower MUFA/SFA ratio (0.68 vs 0.83±0.01; P=0.03). Feeding diets with maize grain, in particular ensiled maize grain, markedly decreased the concentration of C16:0 (P = 0.02) and increased the concentrations of C20:0 (P=0.03) and C22:0 (P=0.19) in MT fat compared with the control group. No significant differences were found between the groups in the concentration of linoleic (C18:2, n-6) and linolenic acids (C18:3; n-3), whereas calves fed mixtures containing ensiled maize grain were characterized, compared with calves receiving barley (B) or dry maize grain (MD) diets, by a significantly higher content of eicosapentaenoic (EPA; C20:5, n-3), docosaxehaenoic (DHA; C22:6; n-3) and docosanoic acids (C22:1), and a lower n-6/n-3 PUFA ratio (P<0.01) in meat fat.
Physicochemical and organoleptic evaluation of meat
The starch sources had no effect (P>0.05) on cooking loss or on pH measured 24 h and 7 days after slaughter. There were no differences among the groups in the other physicochemical characteristics of meat, i.e. tenderness and colour (Table 5) . After a week of storage, the meat had a lighter colour (increased L value), Table 1 lower redness (decreased a value), and higher yellowness. Higher yellowness was observed in meat from calves receiving both dry and ensiled maize compared with barley-fed calves.
DISCUSSION
Chemical composition of meat. In the present study the basic chemical composition of Musculus longissimus thoracis was relatively stable with some minor changes in intramuscular fat content, which corresponded to the results of other researchers. The absence of differences in the effect of barley and maize starch on the chemical composition of meat was also reported by Fiems et al. (1999) . The dry matter and protein content of meat is relatively stable (Geay et al., 2001) . The content and composition of fat deposited in meat may depend on the type of ration, its energy content, digestibility, intestinal absorption, liver metabolism, and lipid transport in muscle (Geay et al., 2001; Di Luccia et al., 2003) . Sami et al. (2006) obtained an increase in intramuscular fat content of meat from maize-fed animals (1.96 vs 1.54%). According to the same authors, maize as a source of slowly degradable starch may contribute to an increase in meat fat content. Hideaki et al. (1998) , who investigated the effect of barley-or maize-based concentrate mixtures on fatness and quality of meat from Japanese Black × Holstein-Friesian fattening bulls, found a slightly higher content of intramuscular fat and higher marbling of meat (1.5 points higher according to the Beef Marbling Standard) when barley was used, and maize starch increased the content of subcutaneous fat.
Fatty acid profile of veal meat fat. Changes in the fatty acid profile of veal meat could be influenced by the high amounts of concentrates fed. Concentrate feeds are rich sources of fatty acids, and when high amounts of concentrates are fed to calves, the starch rate and place of degradation can influence rumen pH and thus reduce lipolysis and biohydrogenation (Doreau and Ferlay, 1994) . In our study, a significant (P<0.01) decrease in the pH of rumen contents in calves from groups BMS and MDMS was observed (pH=5.2 and 5.0) compared with group MD (pH=6.26) (Sosin-Bzducha et al., 2010) . Reducing the rumen content pH to below 6 decreases biohydrogenation by 5% and lipolysis by 20% (Van Nevel and Demeyer, 1996) . Thus, the low pH may account for increased unsaturation of fatty acids in rumen contents and amount of duodenal lipids (Kobayashi et al., 1992) and increased amount of deposited fat in animals given concentrate feeds (Demeyer and Doreau, 1999) . Feeding large amounts of concentrates to young animals, which deposit less subcutaneous fat than adult animals, may considerably increase the amount of polyunsaturated fatty acids in intramuscular fat. The increase in total unsaturated fatty acids in the groups of calves fed diets with ensiled maize was due to a highly significant increase in n-3 acids, in particular eicosapentaenoic (EPA; C20:5) and docosaxehaenoic acids (DHA; C22:6), and to an increase in n-6 acids, in particular arachidonic acid (AA; C20:4) (P=0.10) in the analysed meat samples. With no differences in the concentration of linoleic (C18:2; n-6) and linolenic acids (C18:3; n-3), which are considered precursor compounds in the synthesis of AA, EPA and DHA, the thesis that the lower pH in BMS and MDMS decreased the degree of biohydrogenation and increased the flow of n-3 precursors to the intestine may be true. report that the degree of biohydrogenation of 18-carbon polyunsaturated fatty acids (C18 PUFA) is lower when diets with a large proportion of concentrates are fed.
In groups BMS and MDMS, a several percent decrease in hyperholesterolaemic palmitic acid (C16:0) was noted (P<0.05). The highest proportion of palmitic acid was found in meat from calves receiving the barley diet (Table 4) . Barley contains relatively greater amounts of this acid compared with maize, however. The higher percentage of arachidic acid (C20:0) in meat from maize-fed calves is probably due to the higher content of this acid in maize diets. Small amounts of C20:0 did not have such a large effect on total SFA as changes in the content of palmitic acid. Wismer et al. (2008) , who fed maize to calves, observed a tendency towards lower concentrations of saturated fatty acids (SFA; P=0.08), with no differences in monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA). When giving maize in mixtures for fattening bulls, Hideaki et al. (1998) obtained a higher SFA content in meat fat and in subcutaneous fat compared with barley. Geay et al. (2001) report the PUFA-to-SFA ratio in beef or mutton to range from 0.11 to 0.15, which is about three times lower than recommended for the human diet (0.45) (Wood and Enser, 1997) . In our study, the PUFA-to-SFA ratio was higher in all of the groups: 0.76 and 0.86 in groups BMS and MDMS, and 0.55 and 0.62 in groups B and MD, respectively. The two-fold increase in n-3 acids decreased the n-6/n-3 ratio almost by half and, although the level obtained is still far from optimal for consumer health, it considerably improves the nutritional value of the meat.
The differences found between the groups in undetermined fatty acids may result from the increased proportion in total acids of CLA, which could not be conclusively isolated due to the equipment used for quantitative determination (column of 25 m length).
Physicochemical and organoleptic evaluation of meat. The changes observed during storage of meat are probably associated with aging and post-mortem acidification. An aging-related decrease in the pH of meat was observed in all the groups. Post-mortem increase in lactic acid production, which lowers pH value, lightens meat colour. Wismer et al. (2008) found no differences, and Boles et al. (2004 Boles et al. ( , 2005 reported a slight tendency towards changes in the colour of meat from fattening bulls fed maize and different barley cultivars. The meat from maize-fed animals showed a clear tendency (P=0.08) towards higher redness. In response to feeding maize, a tendency was also observed (P=0.09) towards subcutaneous fat becoming more yellow. In another experiment by the same team (Boles et al., 2005) , after 10 days of storage the meat from animals fed barley cultivar Logan (a=24.06) was less red than the meat of animals receiving cultivar Chincok (a=26.4) or maize (a=26.14). The meat exhibited no differences in structure, tenderness, or juiciness. In the experiment under discussion, tenderness measured mechanically and by a sensory panel did not differ between the groups. The lack of differences in tenderness was also reported by Boles et al. (2005) , who compared the effect of barley and maize starch. No statistically significant differences were found for taste, while the meat from calves in groups in which half of barley grain or dry maize grain was replaced with ensiled high-moisture grain showed a similar taste intensity, but the aroma of roasted meat was poorer in groups BMS and MDMS compared with groups B and MD. The less desirable aroma of meat in groups BMS and MDMS could be due to the higher PUFA content of fat or n-6-to-n-3 PUFA ratio. While SFA are more stable as they become oxidized at high temperatures, PUFA may be oxidized in raw meat or at low temperatures. PUFA oxidation products may cause an unpleasant odour in meat (Doreau and Chiliard, 1997; Geay et al., 2001 ). Farmer (1994) reports that the n-6-to-n-3 ratio may also contribute to a change in meat aroma. Nonetheless, the meat from groups BMS and MDMS was not observed to have a poorer taste, or more or less intense flavour or aroma.
CONCLUSIONS
The use of maize in both dry and moist ensiled form had a beneficial effect on the fatty acid profile of meat by increasing the proportion of monounsaturated and polyunsaturated fatty acids at the cost of saturated fatty acids. The decrease in fatty acid saturation in the groups fed ensiled maize grain is most probably the result of lower lipolysis and biohydrogenation, which is caused by a reduction in rumen content pH in these groups. The use of ensiled maize grain had a negative effect on the aroma of the meat, probably due to its effect on the fatty acid profile of intramuscular fat. Starch sources had no effect on the physicochemical characteristics of meat, i.e. tenderness and colour.
